Hyperfine structure of rotational transitions of KOH, RbOH and CsOH in various v2-and /-states has been carefully measured in the 100 GHz range. From the observed splittings and broadenings information about quadrupole coupling constant (eqQ) of the K nucleus in KOH and about the spacing (Ej -Es) between 2 and A levels in the vibrational spectrum of KOH, RbOH and CsOH has been derived. The measured value of the eqQ of KOH is close to that of KF. The separation between 2 and A levels is found to be rather similar for the group of the alkali hydroxides in creasing gradually when progressing from LiOH to CsOH.
Introduction
Nuclear quadrupole coupling constants for the group of the alkali hydroxides have been measured so far only for RbOH and LiOH. Matsumura and Lide 1 measured the quadrupole coupling in RbOH for both isotopes 85Rb and 87Rb in a microwave absorption study. Most observations were made on the J = 3 <-2 transition at about 37 GHz. The value of eqQ was found to decrease markedly with in creasing vx, while the ^-dependence was negligible. Freund et al. 2 have investigated LiOH by the MBERtechnique and reported e q (^-values for the 6Li and "Li isotopes. The coupling constants of RbOH and LiOH are very similar to those in the corresponding alkali fluorides. The metal-oxygen bond is apparently highly ionic.
Information on the vibrational structure of the alkali hydroxides is scarce. Matrix isolation studies3 have yielded values for the vibrational frequencies of NaOH, KOH, RbOH and CsOH. Freund et al. 2 observed 1-type doubling in the (0,22,0) and (0,33,0) vibrational states of LiOH in an MBER experiment. This doubling was used to derive information about the separation between the 2 and A, and the 77 and 0 levels4. Recently Pearson et a l.5 reported the millimeter wave spectrum of KOH. From the Jdependence of the 1-type resonance interactions in formation was obtained about the separation of 1-sublevels in KOH. In combination with matrix isolation values for the vibrational frequencies and relative intensity measurements an approximate vibrational energy level diagram was constructed.
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In a previous publication 6 we have reported on vibration-rotation interaction in the microwave spec trum of KOH at about 100 GHz. For / ^ 2 the lines of the investigated rotational transition 7 = 6^-5 were found broadened or split. These splittings and broadenings (not essential for the analysis at that time except as help in the assignment) have been remeasured carefully. The 1-type doubling is measur able only for 1 = 2 and its magnitude increases with increasing v2. Quadrupole hyperfine interaction is observable for / ^ 2 and its effects increase with increasing I. In addition also RbOH and CsOH transitions in the same frequency region (100 GHz) have been measured in order to investigate the doubling of zl-levels. The positions of the satellite lines of interest were predicted by extrapolation from low-frequency measurements of Lide and co-work ers 7. For CsOH the 7 = 9 8 transition has been observed and for RbOH the J = 8<-7 one. Quadru pole interaction in CsOH is negligible. Consequently splittings due to 1 = 2 resonance are completely resolvable for v2 = 4 and 6. The large quadrupole coupling constant in RbOH permits only rough determination of the magnitude of the 1 = 2 doubling from investigation of the (0,42, 0) transition of the less abundant (28%) isotope 87RbOH.
The effects under investigation are very small and do not extend over more than 1.7 MHz. Hence the accuracy of the results obtained is poor. The present investigation was feasible thanks to the excellent sensitivity of the spectrometer at low pressures in combination with the small linewidth in saturation modulation (Ref. 250 kHz at 100 GHz and the operating temperature 350 -400 °C. As an illustration the observed pattern of the (0,42,0) transition of CsOH is shown in Figure 1 . The separation between the 1-doubling components is about 500 kHz. Lide and Kuczkowski7 found for CsOH unusually broad lines due to, as the authors stated, decomposition and the presence of water. They reported full linewidth of 1 MHz at about 30 GHz and operating temperature of 500 -600 °C.
In the evaluation of the results of the present experiments it is assumed that all data can be inter preted in terms of 1-resonances and quadrupole inter action and that there are no other resonances present.
Nuclear Quadrupole Coupling in KOH
Since the nuclear quadrupole hyperfine energy in KOH is small compared to the rotational energy, only first order terms are required to evaluate the hyperfine structure. The hyperfine interaction energy, Fhyp 5 can then be expressed as 3 I2 'hyp eq Q -1 f ( J , I , F ) , (1) 7 (7+ 1) where 7 = 3/2 for the 39K nucleus and F is the quantum number of the total angular momentum F. The Casimir function /( /, 7, F ) is evaluated in the Tables of Gordy and Cook9. In addition to the 7 = 6^-5 transition in the (0,44,0) and (0,64,0) levels also the 7 = 4 -^3 transition in the (0,22,0) level has been measured. The quadrupole constants calculated from the observed spectra and the hypo thetical transition frequencies in the absence of hyperfine structure are listed in Table 1 .
Theory of [-Doubling
In the absence of rotation the vibrational levels corresponding to the bending vibration of a linear triatomic molecule would be doubly degenerate for / ^ 1 on account of the equivalence of the two directions of the angular momentum I. However, this degeneracy is removed by interaction of rotation with the bending vibrational mode. The resulting splitting of the vibrational levels is known as /-dou bling. For the //-vibrational state (|/| = 1) the the splitting AE is approximately 9
where the /-doubling constant qt depends on vx, v2 and v3. In the microwave spectra of the alkali hy droxides the A] = 1 transitions of the split compo nents of the //-level are separated by large frequency intervals. When / > 1 the /-splitting is much smaller However, in the investigated spectra of the alkali hydroxides at 100 GHz effects of the splitting of the Zl-levels (|/j = 2) are still observable. When |/ the splitting is not detectable. Theory of /-doubling for an arbitrary value of v2 has been developed by Nielsen 
where the unperturbed energy terms are denoted by the superscript o. Here and below it is assumed that the perturbations are small, and the matrix elements IF//+ 2 are much smaller than the energy differences between different / -states. When t;2 = 4 the perturbed 2 , A and ,T (|/| = 4) levels can be found by solving for the roots e of the following determinants: 
The superscript of EA and Ev has been omitted in Eq. (5) because of the weakness of the perturbation by /-type resonance. The observed splittings of the Zl-levels in the microwave spectra of the alkali hy droxides at 100 GHz are evaluated with the aid of Equation (5). In principle nothing can be said about the sign of the quantity E \ -E v from analysis of one J + l< -J transition only. However, in view of the data for LiOH 4 and KOH 5 it is likely that for all alkali hydroxides the J-levels are energetically higher than the ^-levels. 518 (45) 510 (45) 1193 (60) 39 (4) 42 (4) 36 (4 
Splitting of ^-Levels in KOH and CsOH
In Table 2 the observed splittings of 1 = 2 tran sitions and derived separations between 2 and A levels in KOH and CsOH are listed. In the evaluation of E/\ -Ev for KOH we made use of the expansion of the /-doubling constant q(v1,v 2,v 3) which was determined in Reference 6. When v2 = 2 the /-dou bling in the J = 6 5 transition is calculated to be in the order of 230 kHz for vx = 0 and 300 kHz for = 2 which is the same as the broadening due to hyperfine interaction. Consequently /-doubling in the ( , 2~, 0) states is not resolvable.
In the case of CsOH the line positions of the (0,42,0), (1, 42, 0) and (0,62,0) transitions were extrapolated from the low-frequency data of Lide and Kuczkowski 7. A distortion constant of 5 -6 kHz accounts for ithe measured frequencies. Quadrupole coupling is not observable. The /-doubling constants q(vt ,v 2,0) were obtained by linear extrapolation from the 9(0 ,1 \0 ), ? (0 ,3 \0 ), q{ 1,1 \0 ), and 3^0) values of Reference 7. An expansion for q of the type used for KOH was assumed. Since the error in the derived quantity Ea -Ev is determined primarily by the error in the observed splittings, for the v2 = 4 transitions the extrapolation on basis of these /-doubling constants is sufficiently accurate. For the (0,62,0) transition an error of 5% in ^(0,62,0) has been estimated.
Analysis for 87RbOH
In the analysis of the quadrupole coupling and the /-doubling in KOH and CsOH these two effects could be separated. However, in the / = 8 7, (0,42,0) transition of 87RbOH quadrupole coupling and /-doubling are of comparable strength. Consequently only some rough information can be obtained.
Since the quadrupole coupling in 87RbOH is about one half of that in the main isotope 85RbOH, we have chosen 8'RbOH for investigation. The calculated and measured spectrum is shown in Figure 4 . Approxi mate frequency of the transition has been derived from the ß(0,42,0) value of the 85RbOH isotope and the estimated centrifugal distortion constant D given in Reference 1. Furthermore use was made of the fact that the ratio of B(vx,v 2,v%) values of 8'RbOH and 85RbOH for the corresponding tran sitions is 0.99621 with variations less than three parts in 105. This can be verified from the data in Table 3 of Reference 1. The frequency calculated in this way is close to the actual line position. In the calculated spectrum of Fig. 4 
